Background: Chronic pain is prevalent among young people and negatively influences their quality of life. Furthermore, chronic pain in adolescence may persist into adulthood. Therefore, it is important early on to promote the self-management skills of adolescents with chronic pain by improving signaling, referral, and treatment of these youngsters. In this study protocol we describe the designs of two complementary studies: a signaling study and an intervention study.
Background
In 1986 the International Association for the Study of Pain (IASP) formulated the following definition of pain: 'Pain is an unpleasant sensory and emotional experience associated with actual or potential tissue damage, or described in terms of such damage. Note: pain is always subjective. Each individual learns the application of the word through experiences related to injury in early life'. Most child studies define chronic pain as pain that persists continuously or intermittently for at least three months [1] [2] [3] [4] [5] [6] . In the general population approximately 25% of children and adolescents (0-18 years) suffer from chronic pain [4] . Limb pain, headache, and abdominal pain are the most reported types of pain. A prevalent combination is headache plus abdominal pain [7] . The prevalence of chronic pain is the highest in girls aged 12 to 14 years [4] . In 30% of the children and adolescents pain seems to persist after two years [5] . Additionally, 59% of the women and 39% of the men who reported pain in childhood also reported pain in early adulthood [8] .
Chronic pain negatively influences the quality of life of adolescents [9] . Children and adolescents with pain are often unable to meet friends and to pursue hobbies [7] . Additionally, they may report disturbed sleep, loss of appetite, frequent use of medication, subclinical depression, and school absence. School absenteeism is also burdensome for parents, who often have to take days off from work [10] . Chronic pain also significantly impacts on the health care system [11] . Approximately 43% of children and adolescents with chronic pain utilize health care and 53% use pain medication at least once every three months. The frequency of health care use is positively related to age, pain intensity, and pain duration [6] .
Some studies suggest that parents influence the way children and adolescents experience pain. Pain seems to be less intense when parents distract their child from pain, while pain appears to be worse when parents focus on the child's pain [12] . Additionally, parents of children and adolescents with chronic pain often have chronic pain themselves [13] . Pain in adolescents also seems to be predicted by depressive symptoms, somatic complaints (other than pain), reduced leisure time activities, number of friends, and recent parental divorce [14] . Additionally, chronic pain in adolescents is related to coping [15] . Adolescents with an avoidant coping style and adolescents with a dependent coping style, report the most disabled functioning. They have higher levels of depression and anxiety than other adolescents with chronic pain.
In summary, chronic pain in adolescents is influenced by many factors. This is in accordance with the biopsychosocial model [16] , which states that pain is caused by a complex interaction between biological (e.g., genetics), psychological (e.g., attention), and social variables (e.g., role models). Differences in the interaction between these variables may explain differences in pain expression between pain patients. For this reason, different types of treatment, i.e. medical and psychological, might be useful for adolescents with chronic pain.
Signaling and referral
To optimally treat adolescents with chronic pain it is important to signal pain complaints at an early stage. The Pain Questionnaire was the first instrument that was developed for indexing pain and pain parameters in children and adolescents, irrespective of pain localization [4] . The questionnaire consists of questions about the experience, location, frequency, duration, and intensity of pain. The Pain Questionnaire was designed for usage in the general population but is not considered suitable as a signaling instrument as it does not allow for the impact of pain. This means that currently chronic pain is not taken into account in the regular signaling and registration practice of the Preventive Youth Health Care in the Netherlands. To signal chronic pain in the general population a short signaling questionnaire should be developed. Additionally, a referral protocol is needed to offer the most tailored treatment to adolescents with chronic pain.
Psychological treatment
A systematic review of randomized controlled trials (RCTs) has shown that cognitive-behavioral therapy (CBT) and relaxation exercises are effective in reducing pain frequency and pain intensity in children and adolescents [17] . CBT may be effective in providing strategies that help adolescents to cope with their pain. As a result, pain-related symptoms of anxiety and depression may also be reduced and quality of life may improve. However, only few studies have examined if psychological treatment also enhances adolescents' well-being [18, 19] . The results of a study by Trautmann and colleagues [18] showed that their self-help training program improved pain catastrophizing, but not depression and quality of life.
More studies on the effect of psychological treatment on coping and well-being are needed. Unfortunately, inclusion is often problematic in face-to-face cognitive behavioral therapy [19] . Adolescents have difficulty combining vis-à-vis therapy sessions with homework and activities with friends. Additionally, youngsters with bodily symptoms are often reluctant to consult a psychologist. Psychological interventions using an Internet format could therefore be more attractive to adolescents. Advantages of internet therapy are that it is available for all geographical districts and adolescents can work through the program at any place and any time.
Internet interventions
Stinson and colleagues concluded in their review that Internet-based self-management interventions seems to improve health outcomes in children and adolescents with various health conditions, including pain [20] . In 2005, Hicks and colleagues tested the efficacy of an Internetsupported treatment for adolescents with chronic pain in the general population [19] . One month after treatment the adolescents in the experimental group experienced significantly reduced pain compared to adolescents in the waiting list group. More recently, Palermo and colleagues (2009) evaluated an Internet-delivered family CBT intervention [21] . Results showed that pain-related disability and pain intensity were reduced more in the Internet group than in the waiting list group. These effects were maintained at three months follow-up. In summary, these findings suggest that Internet interventions may be a promising alternative to face-to-face therapy in teenagers with chronic pain.
Current study
In the current manuscript we describe the study protocols of two related studies: a referral study and an intervention study. The main aim of these studies is to improve signaling, referral, and treatment of adolescents with chronic pain. By collaborating with various (mental) health-care institutions, a health-care pathway can be created, through which adolescents can receive the best tailored treatment. Firstly, a signaling instrument for chronic pain was developed. The instrument includes a referral protocol for implementation in the preventive health examinations of the Public Health Services Rotterdam. Secondly, a guided self-help intervention via the Internet was developed for adolescents with chronic pain. The intervention includes cognitive behavioural techniques and relaxation exercises and is one of the referral options in the referral protocol. The primary objective of this intervention is to improve the way adolescents cope with pain.
Our main research questions are: 1. What is the feasibility of the signaling instrument and the accompanying referral protocol in the context of Preventive Youth Health Care? 2. What is the efficacy of the guided selfhelp intervention via the Internet?
Methods referral study
Population Each year, the Municipal Public Health Services in Rotterdam preventively examine health conditions and developmental problems in approximately 12.000 firstgrade adolescents from several secondary schools in the Rotterdam area. The signaling and referral instrument developed for this study will be part of this preventive examination. The instrument was filled out by approximately 6.000 adolescents in the period between October 2008 and July 2011. The Medical Ethical Committee of Erasmus MC University Medical Hospital, Rotterdam, The Netherlands approved the study protocol (MEC-2009-195 ).
The pain barometer
The Pain Barometer is a self-assessed signaling and referral instrument for chronic pain in adolescents aged 12 to 17 years. The instrument is based on the Pain Questionnaire [4] , literature research, and expert knowledge (e.g., a medical doctor and researcher from Rijndam rehabilitation centre, psychologists from the Erasmus MC University Medical Hospital and researchers, nurses, and a medical doctor from the Preventive Youth Health Care in Rotterdam). The Pain Barometer consists of 12 questions about several characteristics of pain (e.g., duration, localization, frequency, intensity, and consequences). Chronic pain is defined as pain that lasts for at least three months, recurrently or continuously.
Also part of the Pain Barometer is a referral protocol that states several referral options and their criteria for adolescents with chronic pain. The referral options are presented in Table 1 . Additionally, adaptations were made to a digital dossier, e.g. Electronic Child Dossier (ECD), to enable registration. The newly developed registration categories are presented in Table 2 .
Procedure
When the adolescent has filled out the Pain Barometer, a computer calculates whether he or she has chronic pain. Adolescents who are in chronic pain discuss their pain complaints with a youth health-care nurse during the standard consultation procedure with the Public Health Services. The youth health-care nurse uses the referral protocol to determine which treatment option is the best. He or she registers details about the consultation and the referral in the ECD.
To evaluate the feasibility of the Pain Barometer and the referral protocol, the experiences of the youth health-care nurses are evaluated in semi-structured interviews by telephone. Examples of questions are 'Can you describe the adolescents you referred to the school doctor, General Practitioner (GP), rehabilitation center, or Move It Now?' and 'Were the referral options clear?'
Qualitative analyses
The interviews will be audio-recorded and transcribed. The transcripts will be analyzed using the program ATLAS.ti [22] . First, unique themes will be identified. Second, the unique themes will be clustered according to main themes.
Quantitative analyses
The ECD will be used to determine the frequencies of referral per health service, i.e. school doctor, GP, rehabilitation centre, or Move It Now.
Methods intervention study

Population
The study sample will consist of 60 adolescents. Adolescents are eligible to participate if they meet the following criteria: age 12 to 17 years; chronic pain for at least three months; abdominal pain, headache, back pain or limb pain; no apparent medical cause of pain (an exception is made for adolescents with migraine); withdrawing from activities or feeling overburdened; access to the Internet at home; fluent in the Dutch language; no current psychological treatment for pain; no severe psychosocial problems.
Recruitment of participants takes place via the referral study, the Internet, the media, and rehabilitation centers and hospitals in the Netherlands. The study started April 2009. The inclusion of patients will end in June 2012. The three-month follow-up period will be finished in September 2012.
Intervention
Move It Now is a translated and adapted version of the intervention program developed by Hicks and colleagues [19] . It is a guided self-help intervention via Internet for adolescents aged 12 to 17 years with chronic pain. The objective of the intervention is to improve the way adolescents cope with pain. The intervention is based on the principles of cognitive-behavioral therapy. Adolescents independently work through seven online modules. The modules aim to teach important life skills, such as problem solving and relaxation. Additionally, the adolescents learn to change dysfunctional thoughts and beliefs. Other topics include deep breathing and improving self-esteem and interpersonal relationships. All topics in the modules are presented in Table 3 . Additionally, a therapist from the Rijndam rehabilitation centre contacts the participants by e-mail or telephone each week. This therapeutic contact consists of emotional support and a discussion about the online modules and exercises. Parents work through two online modules and have contact with the therapist three times (at the beginning, in the middle, and at the end of the intervention). In the parent modules, information is given about how parents should handle the pain of their child. Parents are strongly advised to encourage their child to complete Move It Now.
Much attention has been given to the design and layout of the Move It Now website. For example, the adolescents are led through the online chapters by an animated female guide using a voice-over. Furthermore, several interactive elements were developed to lead the adolescents to the material that fits their response, i.e. tailoring. For example, if the adolescent reports having headaches, only information about headaches will appear.
Instruments
The measures in the intervention study are in accordance with the recommendations of the Pediatric Initiative on Methods, Measurement and Pain Assessment in Clinical Trials (PedIMMPACT) [23] .
Demographic data
Demographic data collected includes the adolescents' gender, date of birth, ethnicity, and educational level and was gathered using a self-assessed questionnaire.
The pain diary
The participating adolescents keep a daily diary for one week. Pain intensity is measured by several multiple choice questions and a Visual Analogue Scale (VAS), with no pain and worst pain ever at the respective ends. Prior research has shown that the reliability and validity of this scale is high [24] .
Pain coping questionnaire
Pain coping is measured by the Pain Coping Questionnaire (PCQ) [25] . The PCQ consists of 39 items, which are evaluated on a five point scale (with 1 = never and 5 = very often). The PCQ has three dimensions: approach, problem-focused avoidance, and emotionfocused avoidance and eight subscales: information seeking, problem solving, seeking social support, positive self-statements, behavioral distraction, cognitive distraction, externalizing, and internalizing/catastrophizing. Higher scores indicate greater use of the coping strategy. The Dutch version of the PCQ has good psychometric properties [26] . Table 1 The Pain Barometer referral protocol
Referral option Criteria
No referral for pain the adolescent does not experience the pain as a problem or other problems are more urgent General practitioner the adolescent and/or the parents worry about a medical cause of the pain or the youth nurse suspects a medical cause of the pain School doctor the adolescent is absent from school for more than two days per month or the adolescent regularly misses gym lessons at school or the school nurse is not sure if it is necessary to refer to the general practitioner Move It Now the adolescent is aged 12 to 17 years old and there is no apparent medical cause of pain according to the general practitioner and there are no serious psychosocial problems and the adolescent withdraws from activities or becomes overburdened
Youth rehabilitation
there is no apparent medical cause of pain and the adolescents' pain is located in the limbs or back and the adolescent experiences pain as a big problem and Move It Now does not seem to be sufficient 
Pediatric migraine disability assessment scale
Pain-related disability is measured with an adapted version of the Pediatric Migraine Disability Assessment Scale (PedMIDAS) [27, 28] . The PedMIDAS consists of 6 items. Participants report the number of days a specific aspect of functioning was impaired in the previous three months due to pain. A higher score on the PedMIDAS is indicative of more pain-related disability. The reliability and validity of the PedMIDAS are acceptable [27] .
Sleep
The following self-assessed questions are used to measure sleeping problems: Do you have sleeping problems?, What do you think causes your sleeping problems?, and How many hours of sleep do you get in a period of 24 hours?.
Child health questionnaire
The Child Health Questionnaire (CHQ) [29] is used to measure physical and psychosocial wellbeing of adolescents. The CHQ consist of 87 items, divided over 10 multi-item subscales and two single item questions: physical functioning, role functioning emotional, role functioning behavioral, role functioning physical, bodily pain, general behavior, mental health, self esteem, general health perceptions, change in health, family activities, and family cohesion. Higher scores indicate better functioning and well-being. The psychometric properties of the Dutch version of the CHQ are good, even when completed via the Internet [30, 31] .
EQ-5D-5L developed by the EuroQol group
The EQ-5D-5L developed by the EuroQol Group is also used to measure adolescents' health-related quality of life. The EQ-5D-5L consists of 5 dimensions: mobility, self-care, daily activities, pain/discomfort, and depression/anxiety. Each dimension comprises 5 levels: no problems, slight problems, moderate problems, major problems, and extreme problems. A higher score on the EQ-5D-5L dimensions is indicative of a worse quality of life. The psychometric qualities of the 5 level version of the EQ-5D seem promising [32] .
Illness behaviour encouragement scale
The Illness Behaviour Encouragement Scale (IBES) [33] measures the rewarding of pain behavior by parents. The IBES consists of 12 items, which are evaluated on a five point scale (with 0 = never and 4 = always). The items of the IBES comprise two subscales: rewarding by parents in a pain situation and rewarding by parents in a pain-free situation. Higher scores indicate more rewarding of pain by parents. The reliability and validity of the IBES is satisfactory [34] .
Pain catastrophizing scalechild version
Pain catastrophizing is measured by the Pain Catastrophizing Scale Child version (PCS-C) [35] , which consists of 13 items. Items are scored on a five point scale (with 0 = not at all and 4 = extremely). Higher scores indicate higher levels of pain catastrophizing. Research has shown that the Dutch version of the PCS-C is reliable and has satisfactory predictive validity [35] [36] [37] .
Design
The intervention study is a randomized controlled trial. Participants are automatically randomly assigned to the experimental group or the waiting list group by the Move It Now website. The Move It Now website uses a randomization list which has been generated by an independent statistician. Block randomization has been used to keep the group sizes equal. Prior to entry of the participants into the study, both the researchers and the therapist are blinded for randomization. Figure 1 shows the design and the anticipated flow of participants. Adolescents in the waiting list group wait seven weeks before they are allowed to start with the intervention. Adolescents in the experimental group fill out the same online questionnaires and the online Pain Diary three times in total: at baseline, directly after the intervention, and at three months follow-up. Adolescents in the waiting list group fill out the same online questionnaires and the online Pain Diary four times in total: at baseline, after the waiting period of seven weeks, directly after the intervention, and at three months follow-up. the study protocol (MEC-2009-195) . The study has been registered at the Netherlands Trial Register, which is part of the Dutch Cochrane Centre (NTRcode 1926).
Procedure
Adolescents are informed about Move It Now by their youth health-care nurse or their medical specialist. When an adolescent decides to participate in Move It Now, he or she contacts the researcher by mail or e-mail. Thereafter, the researcher contacts the adolescent and one of the parents by telephone. In this phone call, the researcher checks the inclusion criteria, gives information, and asks the adolescent and the parent to send their signed informed consent forms.
When the researcher has received the signed informed consent forms, the adolescent and the parent are registered at the Move It Now website. An automatic e-mail with their login codes is sent to them. When the adolescent logs into the website, he or she first fills out the online questionnaires; the PedMIDAS, the self-constructed sleep questionnaire, the CHQ, the PCQ, the IBES, and the PCS-C. For logistic reasons, the EQ-5D-5L and a separate reply form are sent to the adolescent by e-mail. Additionally, the adolescent keeps an online Pain Dairy for one week. After this baseline measurement, the adolescent and the parent receive an automatic e-mail that informs them whether they can start with Move It Now directly in the intervention group or if they have to wait for seven weeks.
Statistical analyses
Power calculations have shown that for an effect of d = .70 on the questionnaires, a sample size of 25 participants per group is needed (power 80%, alpha 0.05). Adjusting for potential study withdrawal (20%), we estimate that 60 participants should be included.
Multi-level modelling will be applied for longitudinal analysis. This analysis allows handling incomplete data with a minimal loss of information. Results of the measurements at baseline, post-treatment, and at three months follow-up will be presented. Linear splines will be used to test the differences in outcomes between time points. For all differences, effect sizes will be reported, with d = .2-.5 indicating a weak effect, d = .5-.8 indicating a medium effect and d = > .8 indicating a strong effect [38] .
The EQ-5D-5L, in combination with the CHQ [29] , will be used for the economic evaluation of Move It Now. The results will be expressed as cost per Quality Adjusted Life Year (QALY).
Discussion
The primary aim of our study is to improve signaling, referral, and treatment of adolescents with chronic pain. In the referral study we will explore if the Pain Barometer, the signaling and referral instrument, is feasible in the context of preventive Youth Health-Care. In the intervention study we will explore if Move It Now, the guided self-help program via Internet, is efficacious.
Our study is the first in developing an instrument to signal chronic pain in adolescents that directly can be applied in practice. We expect the Pain Barometer to be a feasible instrument. A limitation of the referral study is that it is not possible to explore the validity of the Pain Barometer in this setting.
Move It Now is one the first tailored and guided selfhelp interventions via the Internet for adolescents with chronic pain. We expect the participants to cope with their pain more actively directly after the Move It Now intervention. We also hypothesize that Move It Now reduces pain frequency, pain duration, pain intensity, and pain disability. A strength of the intervention study is that it includes important but often neglected, outcome variables, i.e. coping with pain and quality of life. Additionally, the intervention is not only directed at the adolescents, but also at the parents. A limitation of the intervention study is that there will be no control group at follow-up, since the intervention is offered to the adolescents after a short waiting period. Furthermore, a waiting list group is used as a control. Therefore it will not be clear if the specific or nonspecific factors, such as attention, influence the intervention.
If the Pain Barometer appears to be feasible, it can be used to signal and refer adolescents with chronic pain at an early stage in various health care settings. If Move It Now is proved to be efficacious it can be easily implemented throughout the Netherlands, as the intervention is internet based. Then it will also be possible to perform a large scale (cost-)effectiveness study to examine the effect of Move It Now in daily practice. Additionally, future research should examine which elements are working for which adolescents. The Move It Now intervention could also easily be adapted to suit the needs of adolescents with other chronic health issues.
